Abstract: Several 5-methyl-5-(3-or 4-substituted phenyl)hydantoins were prepared and their ultraviolet absorption spectra were recorded in the region 200--400 nm in twelve solvents of different polarity. The effect of solvent dipolarity/polarizability and solvent/solute hydrogen bonding interactions were analyzed by means of the linear solvation energy relationship (LSER) concept proposed by Kamlet and Taft. The lipophilic activity of the investigated hydantoins was estimated by calculation of log P values with Advanced Chemistry Development Software. The calculated values of log P were correlated with the contribution of hydrogen bond donor-solvent interactions. By employing the thus obtained linear dependence, the pharmacological activity of the studied hydantoin derivatives is discussed.
INTRODUCTION
Hydantoins (imidazolidine-2,4-diones) are important anticonvulsant drugs. 1, 2 The anticonvulsant activity of hydantoins has been known since 1938 when Merrit and Putman 3 found that 5,5-diphenylhydantoin (phenitoin) showed anti-epileptic activity. In addition, a number of other pharmacological activities of hydantoin derivatives are known, such as in their use as anti-arrhythmic, 4 anti-inflammatory 5 and antitumor compounds. 6 Both the electron distribution and the stereochemistry of hydantoins are important for their pharmacological activity. Following this idea, a pharmacophore model was proposed based on a hydrogen bonding acceptor, a hydrogen bonding donor and an electronegative group with a large hydrophobic part of the molecule 1196 DIVJAK et al. in a defined spatial arrangement. 7 The position of the hydrogen donor in combination with an aromatic ring in a specific orientation was found to be crucial. 7, 8 Previously reported results 9 clearly confirmed the hypothesis that hydrogen bonding is an essential factor in the anticonvulsant action of these compounds. In order to define the impact of a hydrogen bond forming ability on the anti-epileptic activity, Poupaert et al. 9 tested some phenitoin-related compounds in the maximal electroshock seizure (MES test). A net stepwise decrease of the anticonvulsant activity was observed when the hydantoin ring structure was altered into succinimide and pyrrolidinone and when these rings were N-methylated. The pharmacological data analyzed in terms of structure-activity relationships (SAR) indicate the importance of the capability of forming hydrogen bonds.
Our research on the pharmacological activity of hydantoin derivatives has been focused on the determination of the structural and chemical behavior of compounds in different solvents using UV-Vis spectroscopic methods. 10 To the best of our knowledge, the influence of the solvent on the UV absorption frequencies of hydantoins has not been systematically presented before. In this work, fourteen 5-methyl-5-(3-or 4-substituted phenyl)hydantoins ( Fig. 1 ) were synthesized and their ultraviolet absorption spectra were recorded in the region 200-400 nm in twelve solvents of different polarity. The effect of solvent dipolarity/polarizability and hydrogen bonding on the absorption spectra were interpreted by means of the linear solvation energy relationship (LSER) using a Kamlet-Taft equation 11 of the form:
where π* is a measure of the solvent dipolarity/polarizability, 12 β is the scale of the solvent hydrogen bond acceptor (HBA) basicity, 13 α is the scale of the solvent hydrogen bond donor (HBD) acidity 14 and ν 0 is the regression value of the solute property in cyclohexane as the reference solvent. The regression coefficients s, b, and a in Eq. (1) measure the relative sensitivities of the solvent dependent solute property (absorption frequencies) to the indicated solvent parameters. Linear free-energy relationships (LFER) are widely used to characterize chemical and biochemical processes. A particular type of LFER is the linear solvation energy relationship (LSER) proposed by Kamlet et al. 15 for physico-chemical and biochemical processes that depend on solute-solvent interactions. The LSER have been widely applied to different partition processes, mainly liquid-liquid extraction, such as octanol-water partitioning, and chromatographic processes. 16 The LSER developed by Kamlet and Taft is one of the most ambitious and successful quantitative treatments of solvent effects by means of a multiparametar equation. [17] [18] [19] The importance of lipophilicity in a structure-activity relationship has been known for a long time. Thus, transport phenomena in vivo and through membranes proved to be dependent on lipophilic contributions. The lipophilic activity of the hydantoins investigated in this work was estimated by calculation of log P values with Advanced Development (ACD) Software Solaris, version 4.67. The calculated values of log P were correlated with the contributions of hydrogen bond donor specific solvent interactions as calculated from Eq. (1). Based on a so obtained linear dependence, the pharmacological activity of the studied hydantoin derivatives is discussed.
RESULTS AND DISCUSSION
The chemical structures and the purities of the synthesized hydantoins were confirmed by melting point measurements as well as 1 H-NMR, FT-IR and UV spectroscopy. For the hydantoins 1-11 the obtained results were in agreement 1198 DIVJAK et al. with literature data (Table I) . For the newly synthesized compounds 12-14 (3-OCH 3 , 3-CH 3 , 3-Cl) which, to the best of our knowledge, have not been registered in the literature, full characterization is presented below. The infrared spectra of all the synthesized hydantoins showed two carbonyl bands at about 1702 and 1778 cm -1 and intense N-H bands in the region 3174--3292 cm -1 .
The ultraviolet absorption frequencies of the 5-methyl-5-(3-or 4-substituted phenyl)hydantoins in twelve solvents in the range 200-400 nm are given in Table  II .
The effects of the solvent dipolarity/polarizability (nonspecific solvent interactions) and hydrogen bonding (specific solvent interactions) on the investigated hydantoins were interpreted using the general solvation equation, Eq. (1). Correlation of the spectroscopic data with solvent parameters 28 was performed by means of multiple linear regression analysis. It was found that the absorption frequencies for the hydantoin derivatives in twelve selected solvents showed a satisfactory correlation with the π*, β and α parameters. The results of the multiple regressions are presented in Tables III and IV . The values of the coefficient ν 0 , s and b, and the fit at the 95 % confidence level are given in Table III. A plot of the ν max values calculated using Eq. (1) versus the ν max values observed in different solvents is presented in Fig. 2 . The negative sign of the coefficient s in the total solvatochromic equation (Table III) indicates a bathochromic shift with increasing solvent dipolarity/polarizability. The positive signs of the coefficients a and b (excluding the negative sign of the coefficient b for the 4-OH, 4-NO 2 and 3-NO 2 substituents) indicate a hypsochromic shift with increasing solvent hydrogen bond donor acidity and acceptor basicity and imply stabilization of the ground state relative to the electronic excited state. The percentage contributions of the solvatochromic parameters (Table III) for the investigated hydantoins show that most of the solvatochromism (except for the 4-NO 2 and 3-NO 2 substituents) is due to solvent acidity and basicity (specific solute--solvent interactions) rather than to the solvent dipolarity/polarizability (nonspecific solute-solvent interactions). The solvent acidity effect is predominant in all the investigated molecules, except for 5-methyl-5-(3-or 4-nitrosubstituted phenyl)hydantoins. These results are in accordance with the preferred existence of hydantoins in the lactam tautomeric form, 3 and the previously reported hypothesis of Poupaert et al. 9 that hydrogen bonding is an essential factor in the anticonvulsant action of 5,5-diphenylhydantoin derivatives.
The evidence for the solvent effects on the structure-activity relationship of hydantoin derivatives was obtained by correlation of the calculated lipophilic log P values with the contributions of hydrogen-bond donor solvent interactions, a. Both parameters depend on the structure of the hydantoins. The results of the correlation are shown in Fig. 3 . The plot of the log P values versus a gives a satisfactory linear correlation for moderate electron-donating and electron-accepting substituents. The existence of this correlation (Fig. 3) is strong evidence for the proportionality between the lipophilic parameters and the specific solvatochromic effect of the investigated 5-methyl-5-(4-substituted phenyl)hydantoins and 5,5-diphenylhydantoin that show good anticonvulsant activity as reported previously. 2, 29 The data for hydantoins with substituents in the meta positions in the benzene ring did not follow this correlation (Fig. 3) . These results are in accordance with their previously reported 25 non-anticonvulsant activity. Strong electron-donors and acceptors decrease the lipophilic activity of the investigated hydantoins. These compounds also did not follow correlation presented in Fig. 3 . solvatochromic parameters π*, β and α can be used to evaluate the effects on both types of hydrogen bonding and the solvent dipolarity/polarizability effects for pharmacologically active hydantoins. For these reasons, it is considered that the results presented in this work may be utilized to quantitatively separate the overall solvent effect into specific and nonspecific contributions using a LSER method. The satisfactory correlation of the lipophilic parameters log P of the investigated pharmacologically active hydantoins 2, 29 with the contribution of the hydrogen bond donor solvent interactions supports the previously reported 7 pharmacophore model based on a hydrogen-bond acceptor, a hydrogen-bond donor, and an electronegative group with a large hydrophilic part of the molecule. Following the model proposed in this work, the pharmacological activity of some hydantoin derivatives can be explained and the corresponding potential activity/non-activity of the studied hydantoins, not yet pharmacologically tested, may be predicted.
EXPERIMENTAL
All of the investigated 5-methyl-5-(3-or 4-substituted phenyl)hydantoins were synthesized by a modification of the method of Bucherer. 30 Following this procedure, 0.020 mol of ketone was dissolved in 50 ml of 50 % ethanol and 0.080 mol of ammonium carbonate plus 0.040 mol of potassium cyanide were added. This mixture was warmed under a condenser at a temperature of 58-60 °C for 15 h, after which the solution was concentrated to approximately two-thirds of the initial volume and chilled in an ice-bath. The mass was filtered on a Büchner funnel. The product was dissolved in 5 % sodium hydroxide solution, filtered from unreacted ketone and reprecipitated by acidification with hydrochloric acid. Recrystallization of the white solid from 60 % ethanol yielded a crystalline product. The ketones used in these preparations were commercially available (Fluka). The chemical structures and the purities of the synthesized hydantoins 1-14 were confirmed by their melting points, as well as 1 H-NMR, FT-IR and UV spectroscopy.
The FT-IR spectra were recorded on a Bomem MB 100 spectrophotometer. The 1 H-and 13 C-NMR spectra of DMSO-d 6 solutions (TMS as the internal standard) were measured with a Varian-Gemini 200 MHz spectrometer. The UV absorption spectra were measured with a Shimadzu 1700 spectrophotometer. The UV spectra were taken in spectroquality solvents (Fluka) at 10 -5 mol dm -3 concentration.
The correlation analysis was performed using Microsoft Excel computer software, which considers the 95 % confidence level. The goodness of fit was discussed using the correlation coefficient R, standard error of the estimate, S and the Fisher's significance test, F.
